A study of the frequency response of a single stage common emitter amplifier, emitter -coupled amplifier and multistage distributed amplifier is carried out. In this work, a single stage common emitter amplifier is designed. Two such amplifiers were connected in a differential pair and designed. In this second design, the coupling between the stages is provided by the emitter resistor which carries the combined currents of the pair. From the previous stages, the multistage distributed amplifier was also designed. Such an arrangement employs two transmission lines, one for the input and the other for the output. Results obtained from simulation exercise indicate significant improvement in the gain, bandwidth and gain bandwidth product of the distributed amplifier.
INTRODUCTION
The increasing volume of data transported in the backplane of the internet, optical communication at rates of 40Gb/s has become attractive. Such high speeds emerge as a new territory for IC design because prior work of these frequencies ('millimetre -wave frequencies' ) has been limited to narrowband, low complexity circuits for wireless applications (Behzad, 2003 ) . The need for demanding higher gain, bandwidth and gain bandwidth product of any electronic systems arises due to the important attaches to the operation of these devices at higher frequencies. Thus, three critical parameters, namely, bandwidth, signal power and noise are the most important parameters in determining the performance of any given communication system (Bencman and Hajimiri, 2004) .
The inherent capacitors of such devices are the main causes of bandwidth limitation in wideband amplifiers. Several bandwidth enhancement methods have been proposed in the past. A more exotic approach to solving the problem was proposed by Ginzton etal. using distributed amplification (Charles and Emilio, 2003) .
Single Stage Common Emitter Amplifier
The basic circuit for Hybrid pi model for low and high frequencies analysis are shown below. The biasing capacitors and resistors necessary to keep the active region are also shown(http://www.mems.ee.metu.edu.tr/courses/ee313/project2007.pdf24/03/08)
Fig 1.0 Common Emitter Amplifier Hybrid pi -model for low and high
Where C µ represents the capacitance of the base collector junction. Since the base. Experimentally, C π can be determined from a measurement of f T , the frequency at which the common emitter short circuit current gain drops to unity. This is given by
Where and
The voltage gain is given by (Benedict, 1976) -
Where (
At frequencies so high that , the term can be neglected and the gain approaches (4) at a limit as .Multiplying both the numerator and denominator of equation (2) by , we get (5) Next we define the parameter as
Using this parameter in equation (5), we have
Comparison of equations 7 with 4 shows that equation (7 ) can be written as
Where is the high frequency asymptote defined in equation (4) .Multiplying both the numerator and denominator of equation (8) by , we have
At high frequencies
The effect of capacitance is increased by the factor in square brackets. This phenomenon is known as miller effect. Equation (10) becomes (12) Where . The half power frequency works out to be
The normalized form of equation (12) is given by (14) Where (15) An approximate expression for gain that is valid at all frequencies is given by (Paul, 1982) (16)
Bandwidth
The bandwidth of an amplifier is defined as the difference in frequency between the lower and upper frequencies at which the gain is 3.0dB down on its maximum value (Edward, 2006 ) . The frequency range from in the figure below is called the bandwidth of the amplifier stage. Where is referred to as the lower frequency and is the upper frequency (Jacob and Halkias, 1991).
Figure 2.0 A graph of Gain(dB) versus frequency(Hz)
The bandwidth of each system is determined by , that is ( Robert L Betal,2006) . Bandwidth
The gain bandwidth product for an amplifier is defined as the product of the open loop gain ( constant for a given amplifier ) and its 3-dB bandwidth. It is given by (htt://en.wikipedia.org/wiki/Gain-bandwidth product, 18/04/08)
Where is the mid frequency gain.
Emitter-Coupled Amplifier
The emitter coupled pair can be regarded as a two-stage circuit. The coupling between the stages is provided by the emitter resistor which carries the combined emitter currents of the pair (Benedict R.R, 1976) 
Kirchhoff's voltage law shows that
Generally is 100 or more times . This permits two approximations: (1) we neglect compared to 1 or 2 in the numerators and (2) we neglect compared to in the denominators. Using these approximations and the relation , we obtain from equations 20, 21 and 22 (Benedict, 1976) .
Each output voltage is proportional to the difference . From the signs we see that the output at is inverted or has the opposite phase form of and has the same magnitude as . This feature is used in the phase splitter.
The Distributed Amplifier
A distributed amplifier is a very resourceful example of distributed circuit design that incorporate transmission line theory into traditional amplifier design in order to arrive at an amplifier with a larger gain bandwidth product that is realizable by conventional circuits (htt://en.wikipedia.org/wiki/distributed-amplifier 18/04/08) A distributed amplifier consists of two transmission lines and multiple transistors that provide gain through multiple signal paths that amplify the forward travelling wave. Each transistor adds power in phase to the signal at the top point on the output line. Each pathway provides some gain and therefore the whole amplifier is capable of providing a higher gain bandwidth product than a conventional amplifier. For input and output with equal characteristics impedance, the gain of the distributed amplifier can be approximated as (Ali, 2003) ( 26) Where:
Number of transistors, Transconductance of each transistor
Characteristics impedence of the input and output lines End to end loss in the in transmission line
There is an optimum number of sections that maximizes the gain, given as (Park, 2003) (Green,1992) .
And from the output loop (Edward H, 2006) 
The collector emitter current amplification factor is given by
The biasing voltage is given by (Green,1992) 
For silicon
Where From potential divider (Edward, 2006) 
The coupling capacitor C and the emitter bypass capacitor were obtained from 
The inductance L, the shunt capacitance C per unit length of the transmission lines and the characteristics impedance of the line are related by the expression (Delaney C F,1980) 
The delay time per unit length for the T-line is given by:
Using the above equations, the values of the parameters were obtained as follows At Q-point:
, and
RESULTS
The data obtained from the amplifiers designed using the above parameters were plotted using the ORIGIN 50 and the curves obtained are shown below: 
